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FUNDUS MEASURING APPARATUS AND
RECORDING MEDIUM WITH FUNDUS
MEASUREMENT PROGRAM RECORDED
THEREON

BACKGROUND OF THE INVENTION

The present invention relates to a fundus measuring
apparatus for measuring a three-dimensional configuration

of the fundus (fundus) on the basis of stereoscopic images of
the fundus as well as a recording medium with a fundus
measurement program recorded thereon.

It is said that the observation of the optic disc (hereafter
simply referred to as the disc) through an image of the
fundus 1s important as the diagnosis of glaucoma which 1s
known as one of disorders in the visual function. In recent
years, apparatuses have been proposed in which a three-
dimensional configuration of the fundus i1s measured on the
basis of stereoscopic 1mages of the fundus photographed by
a stereoscopic fundus camera, and the cup of the disc and a
peripheral portion of the disc are analyzed quantitatively.

The method of measuring the three-dimensional informa-
tion of the fundus on the basis of stereoscopic 1mages of the
fundus 1s generally known as a stereoscopic matching
method, and in obtaining height information it 1s important
to extract corresponding spots (corresponding points) in left
and right 1mages. To accurately effect the extraction of
corresponding spots, it 1s necessary to determine an amount
of deviation (hereafter referred to as the parallax) of the
overall image due to an refractive error of the photographed
eye, to thereby cause the left image and the right 1mage to
correspond to each other. Conventionally, the parallax is
determined on the basis of a characteristic point such as a
branching point of a blood vessel or the like on the fundus
to cause the left and right images to correspond to each other.

However, there are cases where the contrast 1n the pho-
tographed stercoscopic images of the fundus 1s not good, and
if a branching point of the blood vessel is unclear, the
accuracy 1n correspondence between the left and right
images 1s often poor, often making the measurement 1mpos-
sible. In addition, since the measurement of the parallax
based on the branching point of the blood vessel relies on
two-dimensional measurement, there has been a problem 1n
that a long processing time 1s required.

Still further, the extraction of corresponding spots from
the left and right images causes a problem in which the
overall processing time 1s long, since to search for pixels
(region) which are best in conformity with specific pixels
(specific region) of one image, the other image must be
scarched minutely over a certain range.

SUMMARY OF THE INVENTION

In view of the above-described problems, an object of the
present invention 1s to provide a fundus measuring apparatus
and a recording medium with a fundus measurement pro-
oram recorded therecon, which are capable of accurately
measuring the three-dimensional configuration of the fundus
on the basis of stereoscopic 1mages of the fundus 1n a short
processing time.

The present invention provides the followings:

(1) A fundus measuring apparatus for measuring a three-
dimensional configuration of a fundus on the basis of a
stereoscopic 1image of the fundus, the apparatus comprising:

input means for mputting the stereoscopic 1image of the
fundus;

image extracting means for extracting left and right
images from the stercoscopic image of the fundus thus
inputted by the input means; and
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three-dimensional configuration generating means for
cgenerating a three-dimensional configuration of the fundus
on the basis of the left and right 1mages thus extracted by the
image extracting means.

(2) The fundus measuring apparatus according to (1),
wherein the 1mage extracting means 1ncludes:

integration means for integrating horizontal and vertical
density information on the stereoscopic image of the fundus
thus mnputted by the 1image input means to obtain integral
values;

threshold setting means for setting at least one threshold
for the integral values thus obtained by the integration
means; and

background separating means for separating the left and
rigcht images from a background using coordinates obtained
on the basis of the integral values and the at least one
threshold value thus set by the threshold setting means.

(3) The fundus measuring apparatus according to (1),
wherein the 1mage extracting means includes:

integration means for integrating at least one of horizontal
and vertical density information on the stereoscopic image
of the fundus thus inputted by the image input means to
obtain integral data;

differential means for differentiating the mtegral data thus
obtained by 1ntegration means to obtain differential data; and

parallax measuring means for obtaining a parallax on the
basis of the differential data thus obtained by the differential
means.

(4) The fundus measuring apparatus according to (3),
wherein the parallax measuring means obtains the parallax
on the basis of maximum cross correlation values of the
differential data obtained by the differential means.

(5) The fundus measuring apparatus according to (1),
wherein the 1mage extracting means 1ncludes 1mage sepa-
rating means for excluding an 1image region which does not
exist commonly on the left and right 1mages.

(6) The fundus measuring apparatus according to (1)
further comprising:

corresponding spots extracting means for generating
multiple-resolution 1images whose resolutions are consecu-
tively lowered with respect to the left and right 1mages
extracted by the 1image extracting means, and extracting
corresponding spots from the left and right images using the
multiple-resolution 1mages in order starting from the lowest
one of the multiple-resolution images; and

wherein the three-dimensional configuration generating
means generates the three-dimensional configuration of the
fundus on the basis of the corresponding spots thus obtained.

(7) The fundus measuring apparatus according to (1),
wherein the 1mage mput means 1s equipped with a fundus
camera for photographing the stereoscopic image of the

fundus.

(8) The fundus measuring apparatus according to (1)
further comprising:

output means for visually outputting the three-
dimensional configuration of the fundus thus generated by
the three-dimensional image generating means.

(9) A recording medium storing therein a program that is
to be executed by an operating and analyzing unit to measure
a three-dimensional configuration of a fundus on the basis of
a stereoscopic 1image of the fundus, the program comprising;:

an 1mage eXxftracting step of extracting left and right
images from an mputted stereoscopic image of a fundus; and

a three-dimensional-configuration generating step of gen-
erating a three-dimensional configuration of the fundus on
the basis of the left and right images thus extracted.
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(10) The recording medium according to (9), wherein the
image extracting step includes the steps of:

integrating horizontal and vertical density information on
the 1nputted stereoscopic image of the fundus to obtain
integral values;

setting at least one threshold for the integral values thus
obtained by the integrating step; and

separating the left and right images from a background
using coordinates obtained on the basis of the integral values
and the at least one threshold value thus set by the setting
step.

(11) The recording medium according to (9), wherein the
image extracting step includes the steps of:

integrating at least one of horizontal and vertical density
information on the inputted stereoscopic image of the fundus
to obtain integral data;

differentiating the integral data thus obtained by integrat-
ing step to obtain differential data; and

obtaining a parallax on the basis of the differential data
thus obtained by the differential step.

(12) The recording medium according to (9), wherein the
image extracting step includes an 1image separating step of
excluding an 1mage region which does not exist commonly
on the left and right images.

(13) The recording medium according to (9), wherein the
program further comprises:

a corresponding spots extracting step of generating
multiple-resolution 1mages whose resolutions are consecu-
fively lowered with respect to the left and right images
extracted by the 1image extracting step, and extracting cor-
responding spots from the left and right 1mages using the
multiple-resolution images 1n order starting from the lowest
one of the multiple-resolution images; and

wherein the three-dimensional configuration generating
step generates the three-dimensional configuration of the
fundus on the basis of the corresponding spots thus obtained.

(14) A fundus measuring apparatus for measuring a three-
dimensional configuration of a fundus on the basis of a
stereoscopic 1mage of the fundus, the apparatus having an
operating and analyzing unit storing therein a fundus mea-
suring program to execute the following steps of:

integrating at least one of horizontal and vertical density
information on an inputted stereoscopic 1mage of a fundus to
obtain integral data;

differentiating the integral data thus obtained by integrat-
ing step to obtain differential data;

obtaining a parallax on the basis of the differential data
thus obtained by the differential step;

extracting left and right images from the stereoscopic
image on the basis of the parallax; and

obtaining a height of each part of the fundus on the basis
of the left and right images thus extracted, thereby gener-
ating a three-dimensional configuration of the fundus.

(15) A fundus measuring apparatus for measuring a three-
dimensional configuration of a fundus on the basis of a
stereoscopic 1mage of the fundus, the apparatus having an
operating and analyzing unit storing therein a fundus mea-
suring program to execute the following steps of:

extracting left and right 1images from an 1nputted stereo-
scopic 1mage of a fundus;

generating multiple-resolution 1mages whose resolutions
are consecutively lowered with respect to the left and right
images thus extracted, and extracting corresponding spots
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from the right and left images using the multiple-resolution
images 1n order starting from the lowest one of the multiple-
resolution 1mages; and

generating a three-dimensional configuration of the fun-
dus on the basis of the corresponding spots thus obtained.

The present disclosure relates to the subject matter con-
tained 1n Japanese patent application No. Hei. 10-308134
(filed on Oct. 29, 1998), which is expressly incorporated
herein by reference 1n 1ts enfirety.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1 1s a schematic diagram of a fundus measuring
apparatus 1n accordance with an embodiment;

FIG. 2 1s a flowchart 1llustrating the procedure of mea-
surement of a three-dimensional configuration of the fundus;

FIG. 3 1s a diagram 1illustrating the arrangement of ste-
reoscopic 1mages of the fundus;

FIG. 4 1s an explanatory diagram explaining background
separafion processing;

FIG. § 1s an explanatory diagram explaining measurement
processing of vertical and horizontal parallaxes; and

FIG. 6 1s an explanatory diagram explaining
corresponding-spot extraction processing using multiple-
resolution 1mages.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to the drawings, a description will be given
of an embodiment of the present mvention. FIG. 1 1s a
schematic diagram of a fundus measuring apparatus in
accordance with the embodiment.

A fundus measuring apparatus 1 includes an operating and
analyzing unit 2; an instruction mmput unit 3 such as a
keyboard and/or a mouse; a display 4 for displaying 1images
of a fundus, results of measurement, and the like; a printer
S for printing out; and an 1image reading device 7 serving as
an 1mage 1nput unit. The image reading device 7 reads a pair
of left and right stereoscopic 1images of the fundus photo-
oraphed by a stercoscopic fundus camera 6, and inputs the
read 1mages to the operating and analyzing unit 2. As the
measuring apparatus 1, i1t 1s possible to use a commercially
available personal computer and 1ts peripheral equipment.
That 1s, a program for measuring a three-dimensional con-
figuration of a fundus (described later) can be installed from
a recording medium storing therein the program to the
commercially available personal computer, etc. so that the
commercially available personal computer, etc. 1s operable.

The stereoscopic fundus camera 6 divides a bundle of rays
reflected from the fundus into two bundles of rays by means
of a two-hole diaphragm so as to obtain a pair of left and
right stereoscopic images of the fundus. As the stereoscopic
fundus camera 6, a type 1s known 1n which 1mages are
photographed on a slide film and a type 1s known 1n which
images are captured by a CCD camera. In the former type,
the stereoscopic 1images of the fundus photographed by the
fundus camera 6 are converted to digital image data by the
image reading device 7, and are mputted to the operating and
analyzing unit 2. In the latter type, the images of the fundus
are stored 1n the memory or the like of the fundus camera 6
as still images, and can then be mputted directly or via a
recording medium such as a floppy disc to the operating and
analyzing unit 2.

FIG. 2 1s a flowchart illustrating the procedure of mea-
surement of the three-dimensional configuration of the fun-
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dus by the operating and analyzing unit 2. Hereafter, a
description will be given of the measurement of the three-
dimensional configuration of the fundus.

The 1mages of the fundus of a subject eye photographed
by the fundus camera 6 are obtained as a stereoscopic picture
10 of the fundus 1 which a left image Ph, and a right image
Ph;, are juxtaposed left and right (see FIG. 3). A comment
arca 11 1s provided on the stereoscopic picture 10 of the
fundus, so that a comment on the date of photographing and
the like can be written thereon.

First, the stereoscopic picture 10 of the fundus is read by
the 1mage reading device 7. The stereoscopic picture 10 of
the fundus which has been read by the 1image reading device
7 1s converted to digital image data, and 1s 1nputted to the
operating and analyzing unit 2 as a stereoscopic 1mage file.
Digitized stereoscopic image data 20 1s composed of a set of
pixels in which the density (luminance) of each spot is
digitized, and 1s digitized on a scale of 256 ranging from 0
to 255, for example. By operating the instruction input unit
3, the operator instructs the operating and analyzing unit 2
to execute a program for measuring the three-dimensional
configuration of the fundus. The operating and analyzing
unit 2 measures the three-dimensional configuration of the
fundus on the basis of the stereoscopic images of the fundus
through the following steps.

™

In Step 1, background separating processing 1s effected
for separating and recognizing image portions and portions
other than the same. Specifically, as shown 1 FIG. 4, after
integration processing of the density values 1s performed
with respect to the respective X and Y directions (horizontal
and vertical directions) of the inputted image data, a thresh-
old SL 1s provided for the integral value obtained, and a
portion of a density value higher than this threshold value SL
1s recognized as an 1mage portion. Although the threshold
value SL can be set in advance, in this embodiment geo-
metric value which 1s obtained by the following formula on
the basis of a maximum value and a minimum value of the
integral value 1s set as the threshold value SL independently
for each integral value data.

Threshold value SL=[{maximum value)-(minimum value)}/4]+
(minimum value)

If 1t 1s assumed that the coordinates of each pomnt of
intersection of the threshold value SL with respect to an

integral value It 1 the X direction and an integral value It,
imn the Y direction are X1, X2, X3, X4, Y1, and Y2, a

rectangular form divided by X1, X2, Y1, and Y2 becomes a
left fundus 1image IM,, and a rectangular form divided by
X3, X4, Y1, and Y2 becomes a right fundus 1image IM, .
In Step 2, parallaxes (deviations of the images) due to the
refractive error and the like of the photographed eye are
measured. A vertical parallax due to the effect of the
photographing optical system of the fundus camera 6 and a
horizontal parallax due to the refractive error of the photo-
ographed eye occur i1n the left and right images obtained by
the background separation. In the measurement of the three-
dimensional configuration, it 1s necessary to correct param-
cters of 1ts computational formula, so that the parallaxes are
measured 1n advance. In addition, if the vertical and hori-
zontal parallaxes can be known prior to the extraction of
corresponding spots 1n Step 5 which will be described later,
the point of a 0 parallax can be set as the initial value of the
search of the corresponding spot (the corresponding spot can
be searched upon shifting of the parallax), and a portion
where the corresponding spot does not exist in the peripheral
portion of the image can be excluded from the extraction of
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the corresponding spot. The measurement of the parallaxes
1s effected as follows.

First, integration processing 1s effected in the respective X
and Y directions with respect to the density information on
the left and right images IM; and IM recognized 1n Step 1
so as to determine integral values. To prevent the measure-
ment of the horizontal parallax from being affected by the
disc, the integration processing 1n the Y direction 1s effected
on the basis of the peripheral distribution excluding the
central portion of the image (the cup of the disc).
Specifically, only an upper one-third region and a lower
one-third region of each of the left and right images IM, and
IM,, are subjected to integration processing so as to obtain
integral values. On the other hand, since the measurement of
the vertical parallax (integration in the X direction) uses the
disc as a reference, all regions including the central portion
1s subjected to integration processing in the X direction.

After the respective integral values have been obtained,
differential processing 1s effected with respect to each of the
integral values so as to obtain differential values. As shown
in FIG. 5, the differential values of the left and right images
IM, and IM,, are respectively set as Df,,, Di,,, DI, and
Df; ».

After the differential values Df,,, , Di,, Di;,, and Df,, 1n
the X and Y directions have been determined, maximum
cross correlation values of the differential values in the
vertical and horizontal directions are respectively obtamed
from these waveforms, and parallaxes (amounts of devia-
tions of the 1images) in the vertical and horizontal directions
are obtained on the basis of these maximum cross correla-
tion values (this method 1s generally known as the cross
correlation coefficient method). In the measurement of the
parallax, attention 1s focused on not the structure of a large
region which 1s dominated by the 1lluminance distribution
and the reflectivity of the fundus but the structure based on
the blood vessels and the like; therefore, by using the
waveforms of such differential values, the characteristic
structure of the blood vessels and the like can be accurately
recognized even in the case of 1images of the fundus with
poor contrast. In addition, since the vertical and horizontal
parallaxes are measured mmdependently of each other, the
amount of calculation can be reduced as compared with the
case 1n which the parallaxes are determined two-
dimensionally, thereby making 1t possible to reduce the
processing time.

In Step 3, processing 1s effected for extracting left and
richt 1image regions which are to be used 1n the extraction
processing of corresponding spots 1n the subsequent Step 5.
Specifically, the Step 3 excludes those portions which have
been photographed only 1n the left image IM, or the right
image IMj on the basis of the parallaxes (amounts of
deviations of the i1mages) in the vertical and horizontal
directions obtained 1n Step 2, thereby extracting a left image
region IM; ' and a right image region IM}' to be used in the
subsequent extraction processing of corresponding spots so
as to correspond to each other. By extracting the left and
rigcht images 1n which no etfect of the parallaxes remains, the
extraction of corresponding spots can be facilitated.

In Step 4, to reduce noise superposed on the extracted left
and right images IM; ' and IM ', noise removal processing 1s
ciiected by means of a noise removing filter such as a
median filter (intermediate value filter) or the like.

In Step 5, with respect to the left and right images IM;, '
and IM,' subjected to extraction processing, a plurality of
left and right 1mages whose resolutions are consecutively
lowered (hereafter referred to as multiple-resolution images)
are prepared, and extraction processing of corresponding,
spots 1s effected on the basis of these 1mages.
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First, left and right images with reduced resolutions are
respectively prepared with respect to the extracted left and
right images IM; ' and IM,". These 1images are, for example,
a left-and-right image IM,,, 1n which the resolution of one
line 1s reduced to half, a left-and-right image IM,  ; 1n which
the resolution of one line 1s further reduced to half of 1t, a
lett-and-right 1mage IM, ., 1n which the resolution of one
line 1s still further reduced to half of 1t, and a left-and-right
image IM, .5, m which the resolution of one line 1s still
further reduced to half of it (see FIG. 6).

After preparation of the multiple-resolution 1mages,
extraction of corresponding spots 1s first effected with
respect to the left-and-right image IM; 5, having the lowest
resolution. As for the method of extracting the correspond-
ing spots at this time, a small region (hereafter referred to as
a window) W, comprising a specific pixel and its neighbor-
ing pixels 1s set in the left image, and a window W, of the
same size 1s moved 1n the horizontal direction of the right
image to search for a place which 1s the best in conformity
therewith. The region where the window W, 1s moved may
not be an entire region, and the window W, may be moved
only by the width where the corresponding spot 1s estimated
to be present. In addition, as for the vertical direction, the
search can be omitted by eliminating the vertical parallax in
advance. Thus, the extraction of the corresponding spots 1s
first effected with respect to the 1mage IM; ,s4; however,
since the number of the pixels 1s only 1/256 of that of the
original 1mages IM,"' and IM}', the same region can be
scarched with very short processing time.

Subsequently, extraction of the corresponding spots 1s
effected with respect to the image IM,,, with the next
lowest resolution. At this time, corresponding-spot position
information obtained from the image IM, .5 1S fed back.
That 1s, since the positional relationship between the 1mage
IM, . s¢ and the image IM, ., can be made to correspond to
cach other on the basis of the magnification of the resolution,
the extraction of corresponding spots in the 1mage IM; ¢, 1S
carried out such that a corresponding region to which the
window W, corresponds 1s specified on the basis of the
corresponding-spot position information obtained from the
image IM, 54, and then search 1s performed within a region
of a predetermined width (the width where the correspond-
ing spot is estimated to be present) including that corre-
sponding region and 1ts neighboring portion.

By a similar method, the extraction of corresponding
spots 1s consecutively effected with respect to the 1mage
IM, ¢ , the 1mage IM, ,, and the original 1mages IM, ' and
IM,". As the corresponding-spot position information 1s thus
consecutively fed back to 1images of higher resolution, and
the extraction of corresponding spots 1s effected in narrow
search regions, the same region can be searched in a short
fime 1n a total as compared with the case where the search
1s effected by using the 1mages IM, ' and IM}' alone.

In Step 6, height information 1s calculated on the basis of
the corresponding-spot information extracted in Step 5 to
generate three-dimensional data. A known collinear condi-
fional expression can be used 1n the generation of the
three-dimensional data, and the magnification affecting the
refractive power of the photographed eye 1s corrected 1n the
parallax information obtained 1n Step 2 to obtain actual
three-dimensional data. The magnification for this correc-
fion can be ecasily obtained if a table concerning the rela-
tionship between the parallax (amount of deviation) and the
correction magnification 1s stored 1n advance.

In the mterpolation processing in Step 7, interpolation 1s
cifected with respect to the three-dimensional data generated
in Step 6, and information 1s rearranged as the height data in
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lattice coordinates. By elfecting interpolation processing, it
1s possible to prepare smoother three-dimensional graphics,
an casy-to-understand contour map, a three-dimensional
bird’s-eye view, and so on.

After the three-dimensional configuration of the fundus 1s
measured as described above, three-dimensional graphics
and an orthogonal projection drawing of the fundus are
displayed on the display 4. Further, if the operator com-
mands the execution of a program on the analysis of the
optic disc through the 1nstruction mnput unit 3, the operating
and analyzing unit 2 performs its analysis processing on the
basis of the three-dimensional configuration data, and the
results of analysis are displayed on the display 4.

As described above, 1n accordance with the present
invention, the measurement of a three-dimensional configu-
ration of the fundus can be effected accurately 1in a short
processing time on the basis of sterecoscopic 1mages of the
fundus.

What 1s claimed 1s:

1. A fundus measuring apparatus for measuring a three-
dimensional configuration of a fundus on the basis of a
stereoscopic 1mage of the fundus, the apparatus comprising:

input means for mputting the sterecoscopic image of the

fundus;

image extracting means for extracting left and right
images from the stereoscopic image of the fundus thus
inputted by the mput means;

wherein the 1mage extracting means includes:

integration means for mtegrating horizontal and verti-
cal density information on the stereoscopic 1mage of
the fundus thus inputted by the input means to obtain
integral values;

threshold setting means for setting at least one thresh-
old for the integral values thus obtained by the
integration means; and

background separating means for separating and
extracting the left and right images from a back-
oground using coordinates obtained on the basis of the
integral values and the at least one threshold value
thus set by the threshold setting means; and

three-dimensional configuration generating means for
generating a three-dimensional configuration of the
fundus on the basis of the left and right 1mages thus
extracted by the 1image extracting means.

2. The fundus measuring apparatus according to claim 1,
wherein the 1mage extracting means includes 1mage sepa-
rating means for excluding an 1image region which does not
exist commonly on the left and right images.

3. The fundus measuring apparatus according to claim 1,
wherein the 1input means 1s equipped with a fundus camera
for photographing the stereoscopic image of the fundus.

4. The fundus measuring apparatus according to claim 1,
further comprising:

output means for visually outputting the three-

dimensional configuration of the fundus thus generated

by the three-dimensional configuration generating
means.

5. A fundus measuring apparatus for measuring a three-

dimensional configuration of a fundus on the basis of a

stereoscopic 1mage of the fundus, the apparatus comprising:

input means for mputting the stercoscopic image of the
fundus;

image extracting means for extracting left and right
images from the stereoscopic image of the fundus thus
inputted by the mput means on the basis of a parallax;

wherein the 1mage extracting means includes:
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integration means for integrating at least one of hori-
zontal and vertical density information on the ste-
reoscopic 1mage of the fundus thus inputted by the
input means to obtain integral data;

differential means for differentiating the integral data
thus obtained by integration means to obtain differ-
ential data; and

parallax measuring means for obtaining the parallax on
the basis of the differential data thus obtained by the
differential means; and

three-dimensional configuration generating means for

generating a three-dimensional configuration of the
fundus on the basis of the left and right 1images thus
extracted by the image extracting means.

6. The fundus measuring apparatus according to claim 3,
wherein the parallax measuring means obtains the parallax
on the basis of maximum cross correlation values of the
differential data obtained by the differential means.

7. The fundus measuring apparatus according to claim 5,
wherein the 1mage extracting means includes 1mage sepa-
rating means for excluding an 1mage region which does not
exist commonly on the left and right images.

8. The fundus measuring apparatus according to claim 5,
wherein the input means 1s equipped with a fundus camera
for photographing the stereoscopic 1mage of the fundus.

9. The fundus measuring apparatus according to claim 3§,
further comprising output means for visually outputting the
three-dimensional configuration of the fundus thus gener-
ated by the three-dimensional configuration generating,
means.

10. A tundus measuring apparatus for measuring a three-
dimensional configuration of a fundus on the basis of a
stereoscopic 1image of the tundus, the apparatus comprising:

input means for mputting the stereoscopic 1image of the

fundus;

image eXxftracting means for extracting left and right
images from the stereoscopic image of the fundus thus
inputted by the mput means;

corresponding spots extracting means for generating
multiple-resolution 1mages whose resolutions are con-
secutively lowered with respect to the left and right
images extracted by the 1image extracting means, and
extracting corresponding spots from the left and right
images using the multiple-resolution 1mages 1n order
starting from the lowest one of the multiple-resolution
images; and

three-dimensional configuration generating means for

generating a three-dimensional configuration of the
fundus on the basis of the left and right 1images thus
extracted by the 1mage extracting means and the cor-
responding spots thus obtained by the corresponding
spots extracting means.

11. The fundus measuring apparatus according to claim
10, wherein the 1mage extracting means includes 1mage
separating means for excluding an 1mage region which does
not exist commonly on the left and right 1mages.

12. The fundus measuring apparatus according to claim
10, wheremn the 1nput means 1s equipped with a fundus
camera for photographing the stercoscopic image of the
fundus.

13. The fundus measuring apparatus according to claim
10, further comprising output means for visually outputting
the three-dimensional configuration of the fundus thus gen-
erated by the three-dimensional configuration generating
means.

14. A recording medium storing therein a program that 1s
to be executed by an operating and analyzing unit to measure
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a three-dimensional configuration of a fundus on the basis of
a stereoscopic image of the fundus, the program comprising;:

an 1mage eXxtracting step of extracting left and right
images from an inputted stereoscopic image of a fun-
dus;

wherein the 1mage extracting step includes the steps of:

integrating horizontal and vertical density information
on the mputted stereoscopic 1mage of the fundus to
obtain integral values;

setting at least one threshold for the integral values thus
obtained by the integrating step; and

separating and extracting the left and right images from
a background using coordinates obtained on the basis
of the mtegral values and the at least one threshold
value thus set by the setting step; and

a three-dimensional configuration generating step of gen-
erating a three-dimensional configuration of the fundus
on the basis of the left and right images thus extracted
by the 1mage extracting step.

15. The recording medium according to claim 14, wherein
the 1mage extracting step includes an 1mage separating step
of excluding an 1mage region which does not exist com-
monly on the left and right images.

16. A recording medium storing therein a program that 1s
to be executed by an operating and analyzing unit to measure
a three-dimensional configuration of a fundus on the basis of
a stereoscopic 1mage of the fundus, the program comprising;:

an 1mage extracting step of extracting left and right

images from an 1mputted stereoscopic 1mage of a fundus

on the basis of a parallax, wherein the 1mage extracting,

step 1ncludes the steps of:

integrating at least one of horizontal and vertical den-
sity information on the inputted stereoscopic image
of the fundus to obtain integral data;

differentiating the integral data thus obtained by the
integrating step to obtain differential data; and

obtaining the parallax on the basis of the differential
data thus obtained by the differential step; and

a three-dimensional configuration generating step of gen-
erating a three-dimensional configuration of the fundus
on the basis of the left and right 1images thus extracted
by the 1mage extracting step.

17. The recording medium according to claim 16, wherein
the 1mage extracting step includes an 1image separating step
of excluding an 1mage region which does not exist com-
monly on the left and right 1mages.

18. A recording medium storing therein a program that 1s
to be executed by an operating and analyzing unit to measure
a three-dimensional configuration of a fundus on the basis of
a stereoscopic 1image of the fundus, the program comprising;:

an 1mage extracting step of extracting left and right
images from an i1nputted stereoscopic image of a fun-
dus;

a corresponding spots extracting step ol generating
multiple-resolution 1mages whose resolutions are con-
secutively lowered with respect to the left and right
images extracted by the image extracting step, and
extracting corresponding spots from the left and right
images using the multiple-resolution 1mages 1n order
starting from the lowest one of the multiple resolution
images; and

a three-dimensional configuration generating step of gen-
erating a three-dimensional configuration of the fundus
on the basis of the left and right images thus extracted
and the corresponding spots thus obtained by the cor-
responding spots extracting step.
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19. The recording medium according to claim 18, wherein
the 1mage extracting step includes an 1mage separating step
of excluding an 1mage region which does not exist com-
monly on the left and right images.

20. A fundus measuring apparatus for measuring a three-
dimensional configuration of a fundus on the basis of a
stereoscopic 1mage of the fundus, the apparatus having an
operating and analyzing unit storing therein a fundus mea-
suring program comprising steps of:

integrating at least one of horizontal and vertical density
information on an inputted stercoscopic i1mage of a
fundus to obtain integral data;

differentiating the integral data thus obtained by the
integrating step to obtain differential data;

obtaining a parallax on the basis of the differential data
thus obtained by the differential step;

extracting left and right images from the stereoscopic
image on the basis of the parallax; and

obtaining a height of each part of the fundus from the left
and right 1mages thus extracted to generate a three-
dimensional configuration of the fundus.

21. A fundus measuring apparatus for measuring a three-
dimensional configuration of a fundus on the basis of a
stereoscopic 1mage of the fundus, the apparatus having an
operating and analyzing unit storing therein a fundus mea-
suring program comprising steps of:

extracting left and right 1mages from an inputted stereo-
scopic 1mage of a fundus;
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generating multiple-resolution 1mages whose resolutions
are consecutively lowered with respect to the left and
right images thus extracted, and extracting correspond-
ing spots from the right and left 1images using the

multiple-resolution 1mages in order starting from the
lowest one of the multiple-resolution images; and

generating a three-dimensional configuration of the fun-
dus on the basis of the corresponding spots thus
obtained.

22. A fundus measuring apparatus for measuring a three-
dimensional configuration of a fundus on the basis of a
stereoscopic 1mage of the fundus, the apparatus having an
operating and analyzing unit storing therein a fundus mea-
suring program comprising the steps of:

integrating horizontal and vertical density information on
an 1nputted stereoscopic 1mage of a fundus to obtain
integral values;

setting at least one threshold value for the integral values
thus obtained by the integrating step;

separating and extracting left and right images from a

background using coordinates, obtained on the basis of
the 1ntegral values and the at least one threshold value
thus set by the setting step; and

obtaining a height of each part of the fundus from the left
and right 1mages thus extracted to generate a three-

dimensional configuration of the fundus.
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